by high concentrations of circulating pro-inflammatory growth factors and cytokines. 4, 5 hsCRP is a major acute phase reactant that acutely and rapidly rises in response to infection and tissue damage in humans. hsCRP has emerged as a risk factor for predicting cardiovascular disease. [6] [7] [8] [9] [10] It has been reported that exercise in men aged 65-95 years has decreased plasma hsCRP levels after moderate intensity training lasting 24 weeks. 11 Similarly, plasma CK and hsCRP levels were found to be higher in ultra-marathon runners (308km) than marathon runners (100km). 12 Monocyte Chemoattractant Protein-1 (MCP-1) is required for reperfusion in normal skeletal muscle regeneration after ischemic tissue disease. Macrophages and inflammation are important components in the formation of collateral arteries and regeneration of skeletal muscle. 13 MCP-1 has been found to be positively correlated not only with obesity, but also with other metabolic diseases such as type 2 diabetes, arteriosclerosis and cardiovascular diseases.
14,15 MCP-1 response to exercise has been examined in some studies. Glintborg et al. investigated the effect of strength training in elderly male subjects on some inflammatory and hormonal parameters. 16 They found a decrease in MCP-1 levels during the last three months of the exercise period. In another study, 100 people (65 to 95 yrs) performing endurance training and high intensity interval training were observed and MCP-1 levels were found to be decreased after 30 minutes of exercise in the endurance training group. 17 Many cell types secrete the cytokine, Tumor Necrosis Factor (TNF) during acute inflammation. TNF causes a diverse range of signaling events within cells, leading to necrosis or apoptosis (cell death). The protein also provides resistance against infection and cancers. Increased local concentration of TNF results in bacterial infections. TNF activates the clotting system by altering the balance between procoagulant and anticoagulant activities of vascular endothelin. 18 The effects of exercise on TNF-a have been a concern for researchers; however, the results of the studies have revealed contradictory findings. [19] [20] [21] Transforming Growth Factor-Beta-1 (TGF-β-1) is an effective cytokine in the formation of many tissue and cell activities, supporting early development, differentiation, angiogenesis (new vascular formation), immunological functions, and apoptosis. 22 TGF-β-1 levels have been found to be increased right after exercise. 23 The Klotho Hormone (Kl) gene was first described in mice in 1997 by Kuro-o et al. These mice, defective in this gene and identified as Klotho, develop normally until 3 weeks, then slow down in their development and die within 8-9 weeks with the increase in signs of aging. Klotho mice exhibit typical aging phenotypes such as atherosclerosis, ectopic calcification, pulmonary emphysema, deep atrophy and osteoporosis. 24 Analyses at the molecular level have shown that the genetic locus (KL gene) localized on the 5 th chromosome does not function normally in the appearance of these phenotypic features in mice. 25, 26 Plasma klotho levels have been found to be associated with muscle strength in humans. Hand grip strength is a strong determinant of total muscle strength and a sign of weak strength in elderly adults. Therefore, Richard et al. compared the plasma klotho levels by measuring hand grip strength in the elderly. 27 They found that the lower level of klotho was significantly associated with weak skeletal muscle strength in the elderly. Likewise, there was an association between age, gender, smoking, physical activity status, nutrition, chronic diseases, cognitive level and klotho level and handgrip strength.
Intervention studies examining the effect of exercise on inflammation markers such as hsCRP, CK, MCP-1, TGF-β-1, and the levels of klotho hormone are quite limited. In addition, the underlying mechanism between exercise and these parameters is not completely clear yet. Moreover, we found no studies which examine the effect of high-intensity exercises and recreative exercises performed for more than a decade on plasma inflammation markers and the klotho hormone levels. Thus, this study aims to compare some plasma inflammation markers in elite master athletes, recreational athletes and sedentary males to determine the muscle injury. 
MATERIAL AND METHODS
S Su ub bj je ec ct ts s: : Forty-three athletes and 17 control males participated in our study. Table 1 gives the characteristics and training background of the athletes and controls.
E El li it t M
Ma as st te er r A At th hl le et te es s ( (H Hi ig gh h i in nt te en ns si it ty y a an nd d l lo on ng g d du ur ra at ti io on n e ex xe er rc ci is se e t tr ra ai in ni in ng g g gr ro ou up p: : E EM MA AG G) ): : We evaluated twenty-two male endurance athletes (mean age±SD: 57.28±6.38 years) from İzmir Athletics Masters' Club. Inclusion criteria were as follows: 1) age between 45-65 yr, 2) under training for more than 10 years, 3) under training regularly at least 5 days/10 hours per week, 4) participating in national or international competitions regularly, 5) living in a city at the sea level for at least 10 years.
R Re ec cr re ea at ti io on na al l A At th hl le et te es s ( (M Mo od de er ra at te e i in nt te en ns si it ty y a an nd d d du ur ra at ti io on n e ex xe er rc ci is se e t tr ra ai in ni in ng g g gr ro ou up p: : R RG G) ): : Twenty-one (walking, jogging, gymnastics) male athletes (mean age±SD:62.38±2.12 years) from a fitness-center and exercising for endurance were evaluated. We invited the participants meeting the following criteria: 1) age between 45-65 yr, 2) exercising aerobically for recreational purposes, 3) under training for at least 10 years, 5) under training for at least 3 days/3 hours per week, 6) enrollment for training in a fitness center regularly, 7) living in a city at the sea level for at least 10 years. S Se ed de en nt ta ar ry y i in nd di iv vi id du ua al ls s ( (C Co on nt tr ro ol l g gr ro ou up p: : C CG G) ): : By means of local advertisements seventeen sedentary men (mean age±SD: 52.23±6.05 years) were invited for the study. Not performing any type of physical exercise even for 15 minutes twice per week for the previous 6 months was accepted as the criterion for being sedentary. The other criteria for participation in the study were being between 45 and 65 years old and living at the sea level for at least 10 years.
The ones having chronic diseases, being under regular medical treatment, having Vitamin D and CK supplements, having a BMI beyond the acceptable range (20-32 kg/m 2 ), having musculoskeletal diseases, and smokers were excluded. Subjects were given questionnaires to get information about their training history. Necessary information about the study design was given, and they signed an informed consent form. Nutritional habits of the participants were determined using "the nutritional habits section" of the "health and lifestyle profile" survey developed by Walker et al. No statistically significant differences were found in nutritional habits among groups. 28 The ethical council of Celal Bayar University, Faculty of Medicine approved the study. S St tu ud dy y d de es si ig gn n: : The evaluations of the participants were conducted within the same month to avoid the seasonal variation. On the first day, their body compositions were measured using bioelectric impedance method, using a Tanita body composition analyzer (Tanita TBF 300 M, TokyoJapan). On the second day, their aerobic capacity (MaxVO 2 ) was measured indirectly using 2-km walking test. Using the following formula for men, MaxVO 2 of the participants was estimated: Participants were warned not to perform any physical activity within 48 hours preceding the assessment day.
B Bl lo oo od d a an na al ly ys se es s: : Blood samples were taken from the antecubital vein (20 ml) in the sitting position after a 20-minute rest. MCP-1, hsCRP, TNF alpha, TGF-β-1, and Klotho hormone, CK and vitamin D were studied in the blood samples taken between 8.00-10.00 a.m. Serum and plasma were separated by centrifugation and stored at -80°C; they were analyzed all at once. hsCRP levels were studied from plasma samples using DRG, an international kit (New Jersey, USA) and enzyme-linked immunosorbent assay (ELISA) method. The assay range of hsCRP kit is 0.1mg/L-10mg/L and its sensitivity is 0.1 mg/L. Intra-Assay: CV <7.5% Inter Assay: CV <4.1%. The results were calculated by comparing with the standard curve. In accordance with the manufacturer's recommendation, samples were diluted 20 times and then multiplied by the dilution factor of 20.
MCP-1 levels were studied from plasma samples with eBioscience, BenderMed (Vienna, Austria) kit and ELISA method. The assay range of MCP-1 kit was 2 ng-/ mL → →-1000 ng/mL and sensitivity was reported as 2.3 pg/mL. Intra-Assay: CV 4.7%; Inter-Assay: CV 8.5%. The results were calculated by comparing with the standard curve. In accordance with the manufacturer's recommendation, the samples were diluted 5 times and then multiplied by the dilution factor of 5 to obtain the results. TNF-α levels were measured using eBioscience, BenderMed (Vienna, Austria) brand kit and plasma samples were analyzed using ELISA method. According to the information given by the manufacturer, the lowest level of TNF-α kit has been reported to be 2.3 pg/ml. Intra-Assay CV: 6.0%; Inter-Assay CV: 7.4%. The results were calculated by comparing with the standard curve. In accordance with the manufacturer's recommendation, the samples were diluted 2 times and then multiplied by the dilution factor 2 to obtain the results.
TGF-β-1 levels were studied from plasma samples using eBioscience, BenderMed (Vienna, Austria) brand kit and ELISA method. The minimum sensitivity of TGF-β-1 is 8.6 pg/ml has been reported. Intra-Assay CV was 3.2%; Inter-Assay CV was reported as 4.9%. The results were calculated by comparing with the standard curve. In order to separate the disulfide bonds, samples were first diluted with 1 Normal HCl for 1 hour, then neutralized with 1 Normal NaOH, 30 times diluted, and then multiplied by dilution factor of 30 to obtain the results.
Human soluble alpha klotho levels were studied from plasma samples with IBL (Gunma, Japan) brand kit and ELISA method. The range of measurement of human soluble alpha klotho kit is 93.75-6.000 pg/ml, and sensitivity of 6.15 pg/ml has been reported. Intra-Assay CV is 3.5%; InterAssay CV is 6.5%. The results were calculated by comparing with the standard curve. In accordance with the manufacturer's recommendation, the samples were diluted 2 times and then multiplied by the dilution factor 2 to obtain the results.
Measurements of creatine kinase levels in plasma samples are based on the recommendations of the International Federation of Clinical Chemistry (IFCC). They were analyzed with The Beckman Coulter original commercial kits (Beckman Coulter Chemistry Analyzer AU 5800, Tokyo, Japan) in an autoanalyzer.
Vitamin D levels in the plasma samples were analyzed by the electrochemiluminescence binding method using the ROCHE original commercial kit (Roche Cobas e411, Sandhofer Strasse, Mannheim). Fatma 
STATISTICAL ANALYSIS
For data analysis SPSS 15.00 statistical package program was used. Results were presented as mean+standard deviation (SD). We compared the groups using a Kruskal-Wallis test. When a significant difference was obtained among the groups, Mann-Whitney U test was used to determine the difference between the two groups. p<0.05 was accepted as the statistical significance level.
RESULTS
Body weight, percent body fat (%) and BMI results of the groups revealed statistically significant differences, favoring EMAG. The highest MaxVO 2 values among the three groups were observed in EMAG (p<0.01; Table 2 ). 
DISCUSSION
In our study, we tried to evaluate the associations between long-term training with different intensity and duration being performed for more than 10 years and some inflammation markers. Higher levels of TGF-β-1 and Klotho hormone were obtained in EMAG than the other two groups.
Exercise not only enhances muscle function, but also reduces pro-inflammatory cytokines through circulation. MCP-1 is required for reperfusion in normal skeletal muscle regeneration after ischemic tissue disease. 13 Glintborg et al. found a reduction in MCP-1 levels in the last three months of a strength training program conducted with elderly male subjects. 16 They stated that longer physical activity has more positive effects on inflammatory parameters. Plasma MCP-1 levels were also investigated in endurance training, high-intensity interval training and sedentary elderly subjects (65-95 yr). Researchers determined a decrease in MCP-1 levels after 30 minutes of exercise in the endurance training group. 17 Some studies have evaluated changes in the release of cytokines in skeletal muscle after long-term exercise intervention. In a study conducted with 8 young (28 yr) and 8 elderly male participants (70 yr) performing isokinetic exercises for 12 weeks, MCP-1 was found to be significantly increased after exercise period. However, post-exercise MCP-1 levels of the elderly were higher than the young participants. The researchers suggested that regular exercise can be an important factor in normalizing this inflammatory response in the elderly through muscle regeneration and adaptation. 30 In another study, a group of regularly exercising elderly (65-72 yr.) were compared to younger adults (23-27 yr) as controls; plasma MCP-1 and hsCRP levels were found to be lower in younger individuals. This is explained by the fact that the exercise intensity performed by the elderly is lower and the physiological functions of the elderly are weaker than the young although they exercise regularly. 31 We did not find a statistically significant difference among our groups in MCP-1 levels. Even so, the lower MCP-1 levels in the master athletes than those of recreative athletes, (568.84± 490.33ng/ml vs. 700.75±588.08ng/ml), which shows similarities with some experiments , may be clinically important for further research in terms of exercise intensity and volume (Table 3) . 16, 17 However, our results are contradictory to the results of Della Gatta et al. since they applied isokinetic exercises in their study. 30 Due to the reduced levels of MCP-1 observed in our EMAG, we can suggest that aerobic endurance exercise may have more positive effects on the inflammatory parameters as with Glintborg et al. 16 Since MCP-1 parameter is found to be lower in the Elite master athletes, this could have led to normalizing the inflammatory response in the elderly through muscle regeneration and adaptation.
Plasma CK and hsCRP levels were investigated in long-distance endurance and ultra long-distance endurance male runners. The results revealed that plasma CK and hsCRP levels were higher in ultramarathon runners than in marathon runners. 12 Muscle and cartilage biomarkers and cytokine release were evaluated during a 200-km race and the biomarkers associated with muscle and cartilage damage and inflammation were found to be increased during the 200-km race, particularly in the second half of the race, proving that ultramarathon exercises are an important influence on muscle and cartilage structures. 21 However, in a 24-week moderate-intensity aerobic exercise program led to a decrease in post-training plasma hsCRP levels in men aged 65-95. 11 Our exercising groups had insignificantly lower hsCRP levels than our CG. These lower levels may be clinically important because high levels of hsCRP are generally related with high-intensity exercises like ultra-marathon run. Relatively higher levels of hsCRP of the CG led us to think some other underlying mechanisms for inflammation. Recommendations of the Joint committee of American Heart Association on CRP testing for coronary heart disease, state the decision interval <1 mg/L as low risk; 1-3 mg/L intermediate risk and >3 mg/L as high risk. They also do not recommend universal hsCRP screening of the adult population. Our results in all groups are in the normal reference ranges and much lower than even the low risk threshold. We are of the opinion that leading a sedentary life style may be equally harmful for the human body in terms of inflammation. However, this view needs support with additional experimental and longitudinal data. In brief, the exercise programs of our exercising groups seem appropriate for preventing muscle and cartilage injuries.
TNF-α is a cytokine released from various acute and chronic inflammatory adipocytes and has Fatma GİRGİNER et 11 been found to be increased in the presence of metabolic syndrome, diabetes, and cancer. Therefore, its response to exercise has been investigated in some intervention studies. Research investigating the effect of exercise on TNF-α has revealed contradictory results. In a study performed by Ho et al. three different exercise models -12 weeks of regular intensive aerobic exercise, resistance exercise and combined exercise-were applied. 19 TNF-α levels significantly decreased in the highest proportion in the combined exercise group compared to the baseline values. As the aforementioned study results suggest, both intensive aerobic and resistance exercises are required for reductions in TNF-α levels. In our belief, since our exercising groups did not include resistance exercises in their training programs, there were no differences between them in their TNF-α levels. Studies examining the acute effects of exercise on TNF-α revealed contradictory results. Though insignificantly, TNF-α levels increased up to day 7 after the ultra-marathon run of 52-64-year-old men. 20 In another study, Kim et al. evaluated the muscle and cartilage biomarkers and cytokine release during a 200 km race and they found no significant changes in TNF-α levels. 21 TGF-β-1 is an effective cytokine in many tissue and cell activities, promoting early differentiation, angiogenesis, immunological functions and apoptosis. TGF-β-1 may be associated with tumor suppression due to the suppressive effect of apoptosis. The induction capacity of apoptosis has begun to be investigated in many cell types. Studies at the cell level show that the role of TGF beta apoptosis is important in stabilizing B and T cells. Studies have also shown that TGF-β-1 is effective in the death of prostate epithelial cells and in the control of liver cell death. It is also an important cytochrome in the ontogenetic nerve death stages, tissue regeneration and shape alteration. 22 The role of exercise on TGF-β-1 was examined by CzarkowskaPaczek et al. They compared exercising and sedentary rats. Exercising rats participated in a 6-week study in which they exercised 5 days/week, starting from 10 minutes with ten-minute increments reaching 60 min/week. They reported that exercising rats showed a significant increase in their TGF-β-1 levels right after the exercise and 2 hours following exercise. However, the most significant increase was seen 3 hours after the exercise. 23 In another study, blood samples were taken on the 4 th , 8 th and 16 th weeks from the healthy mice performing intensive exercise. Although TGF-β-1 levels significantly increased in all three analyses, the highest increase was observed on the 16 th week. 32 We observed parallel results in our exercising groups, which enabled us to suggest that regular exercise either in high or moderate intensity can lead to positive outcomes in many tissue and cell activities, in the support of early development, differentiation, and angiogenesis. Even so, the higher TGF-β-1 levels observed in our EMAG compared to RG may suggest that aerobic exercise should be performed at a slightly higher intensity than moderate intensity.
The importance of Vitamin D increases as people get older since it has an important role on bone health and muscle strength. The role of exercise on Vitamin D is the concern of recent studies. Some researchers are on the belief that Vitamin D supplementation is required for healthier bones. After a 9-month intervention with and without Vitamin D supplementation, the group of the elderly performing resistance training and taking supplements showed higher muscle strength and higher levels of Vitamin D than the other group. 33 We observed higher Vitamin D levels in our EMAG than the other exercising group although they did not use any Vitamin D supplements. The open-field exercise program followed by our EMAG might have enabled them to utilize the sun rays for Vitamin D synthesis. In addition, long distance run hypothetically puts more strain on the bones, which in turn may help bones to become stronger. However, we did not perform any tests for bone strength such as DEXA for our groups. Therefore, we do not have any data to make any further comment.
Klotho hormone has been a concern in research in recent years, but the number of studies examining the effects of exercise on this hormone is very limited. Increases in plasma Klotho concen- trations by means of aerobic exercise could result in exercise-induced decreases in arterial stiffness. 34 It is suggested that this leads to enhancing vascular protection and ameliorating endothelin-induced arterial stiffness. Secreted Klotho protects endothelial cells and smooth muscle cells through NO production. 35 Men and women between 24-102 years old were investigated to find out a relationship between cardiovascular diseases and plasma klotho levels. 36 Researchers determined correlations between Plasma klotho levels, hsCRP levels, and age. Richard et al. compared plasma klotho levels with hand grip strength in 804 elderly individuals at the age of 65 and over. 27 They found that the lower level of klotho was significantly associated with weak skeletal muscle strength in the elderly. Klotho hormone levels were higher in younger footballers than their sedentary counterparts. 37 We found a statistically significant difference among our groups, but could find no significant observed in EMAG difference between EMAG and RG. Even so, the higher Klotho hormone levels (820.08± 335.65 pg/ml vs. 796.70±357.13 pg/ml) may be clinically important in terms of the exercise intensity and volume to gain better Klotho hormone levels for further research (Table 3) .
In a recent study by Lucas Jurado-Fasolia et al., alcohol consumption and sKlotho plasma levels in middle aged sedentary adults were found to have negative association. Furthermore they found higher consumption of total alcoholic drinks is associated with lower S-Klotho plasma levels controlling for BMI (P=0.011), Lean Mass Index (P=0.010) and for Fat Mass Index β=-P=0.049) using multiple linear regression models. 38 This is in accordance with our findings in our groups. We found statistical differences among EMAG and RG, EMAG and CG for body fat (%), BMI, MaxVO 2 (P= .000) and a statistically difference in EMAG and CG for body weight (P= .000). Klotho hormone is associated with the regulation process of the body composition assessed with measurements such as BMI, body fat, fat mass index etc. In a study examining the associations of plasma klotho levels with BMI in patients with restricting-type anorexia nervosa (r-AN) and obesity was examined. Plasma klotho levels were markedly lower in the obesity group than in the control group. Moreover, plasma klotho levels increased significantly after the recovery of BMI in r-AN patients. 39 In another study it was found that concentrations of serum Klotho were associated with body weight. 40 The final report from the clinical trial of AmaroGahete et al. will be very interesting and could uncover the relationship mechanism of klotho with the metabolism. 41 
CONCLUSION
The comparison of two different groups of 45-65 year-old males in terms of inflammation markers revealed that regular long-term endurance training has long-term positive effects on muscle regeneration and regeneration of inflammation. However, performing an exercise program similar to the one followed by EMAG in our study seems more favorable since such a program appeared to be more effective in delaying the initiation period of cardiovascular, immune system, joint and skin diseases, high cholesterol, and Type II diabetes due to aging. Our present study provides the field with clear evidence on the positive effects of regular long-term endurance training for a longer and healthier life. S So ou ur rc ce e o of f F Fi in na an nc ce e During this study, no financial or spiritual support was received neither from any pharmaceutical company that has a direct connection with the research subject, nor from a company that provides or produces medical instruments and materials which may negatively affect the evaluation process of this study. C Co on nf fl li ic ct t o of f I In nt te er re es st t No conflicts of interest between the authors and / or family members of the scientific and medical committee members or members of the potential conflicts of interest, counseling, expertise, working conditions, share holding and similar situations in any firm.
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